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itsctic^otftoTv^. zntztb. nmm%i&it. mmmo. 85 M m^vcs 

E L<r>tffia&$hM1k9ilzMWk2 fix L £ 7 . &oT. *^B^J:7lcVCSELgt^i 

[ 0 0 7 9 ] 

(110 *>JBJK) 

[ 0 0 8 0 ] 

m 6 ft S3? 9 <7>v>-f tl^^J^flg<50^^^gtt, 1 0 G b p s * j@£ 3 ^iI^H * V C S 

[HSiEflJ 1 ] 
[ 0 0 8 1 ] 

13 1 KJU HM 1 c^fia.itjgg|Mffi^7fe¥4|# U -fif (VCSEL) ^^tST'i 
[ 0 0 8 2 ] 

H 1 fc . *mm'\£.G a A s 1 0 1±C, ; > K - "/ 3* *p ■/ 5 -v rjxfttH 

(DBR) 1 0 2 )b*ftJl £ *ITU£„ 
[0 0 8 3 ] 

CCT*. ;>K--/DBR 10 2 It. ) y K - f A 1 0 . 2 Ga 0. 8 As,Bi:;> 
f-^Al o. gGao. ]_ A s fi i: * 1 / 4 « j| J¥ 35 S ic fftjfl L T felfc 3 fix -5 . 
[0 0 8 4 ] 

^ > K-"7*DBR 1 0 2 1lctt, Al o. 3 G a 0 . 7 A s S U<-^1 1 0 3 > 
G a A s/A 1 o . 3 Ga 0i 7 As 2 jgttJl 10 4. nIAl 0i 3 G 

a 0 . 7 A s ^ 2 x^-'tl 1 0 5x GaAs/Al o, 3 Ga 0 . 7 A s #S«¥#P 
m 1 vSttJI 1 06, Al 0 . 3 G a 0 . 7 As»3 1 0 7, piAl Asil 

08, pIDBR 1 0 9 fc*0iXf»Ji £ *lTu£. 
[0 0 8 5 ] 

dIdbr 1 0 9 a , piAi 0 . 2 Ga o. 8 As, § t P iA1 o. 9 G 

a 0 . 1 Asit^ l/4tII?T-^Ilc«iLTff^$k-(:i^, 
[ 0 0 8 6 ] 

f LT, Iliil^fflib^nlA 1 o. 3 Ga 0< 7 Asi2^^-^il 0 5^)i4" 

ffim* *) *>±B <i XX. ;>H-7'DBR 1 0 2 Kg-** v r 

3 2 CO > ^SI3Sjt>*^jSS tlT v» 

[ 0 0 8 7 ] 

Il^>^tli(?)liq^bpIAl Asll 08 6*3ijR^lc^fb$ tiT . A 1 0 
x&mm& 1 1 0 Jb*0J$£ *ITV>£. 
[ 0 0 8 8 ] 



1 1 3 Jb*0j££ tlTv^„ 1 1 1 li. 3? 1 <?> > ^^itPJffltC^^^ titzM^trnX'^^ 

■o m^tmtLTit. m^.it. mmm*fi-Ltz&mm-&m^z z t vt-b 

[ 0 0 8 9 ] 

0 1<?)VCSELlcfcv^Tli, vUmm 1 1 2 fc^^A;? il/ilEJLk . nPjmffi 1 1 3 
^<V£A2 ttfzH^ 6*. G a A s /A 1 0 . 3 Ga 0 . 7 As 1 v£1£]i 1 

0 6 T*?&7£S*S£-i-£ C k \z J; >) . 0. 8 5 Mm^^ttltBtS. AlOx 
*fe*t$Sis£ 1 1 0 ic <k 9 m^^^n -y ? ZiizrzSb. jHR$8ffc £ tl T ft u pIA lAsI 

1 o 8 ^ricm-rt^m^ lt, «flfE*>****M *is„ 

[ 0 0 9 0 ] 

m 1 vllttJl 1 0 6 T^Tt LfcTtlJ. ;>K-^DBR 102tpIDBR 10 9k 
[ 0 0 9 1 ] 

^«E0J l^)VCSE LlcfcuT li, «MAT^t5 G a A s/A 1 0 . 3 G a 0 . 
7 A s ^lif#p^ 1 ^ttJB 1 0 6l:W£T, G a A s /A 1 0 3 Ga 0 7 As# 
SMT#fH 2 fcttll 1 0 4%H^.fcc k^Jffii&k LTv>s. »2*ttIB 1 0 4 icftLT 
tt«flrti£ A v>ftv*. *<7>ftt>*). m 2%®.!% 1 Q 4 <7>mmfr%ft-ffi®]& 

fflUffiicsit -bftfcj&^Ji i i i a, ^Msg^m i »4tn i o 6 \z fattens c t-zm 

[ 0 0 9 2 ] 

f? 2 fgttJB 1 0 4 lc^gU^'ol^te7 1 d^iIM^lcaAi--5 C fc ic * 9. ^2 vSttH 1 0 4 
K *f * v "7' 0 . 8 5 fx mmzttm L fcTfc . Z L T , HfftW 
-hlcitftn $ i±s k x ^Migic £»)VCSEL<7>t i:^, II vS'ttH 1 0 6 

k 3? 2 v£ IS 1 04^OHJft^tiU L T & *) . £ tz J > K - 7* D B R 1 0 2 
tplDBR 109 k<50WTffil5R$nfelaI-<?>«lsS-ef%^-t*fe*)x I 1 vS'ftll 1 0 
6 icHtftt&ALfck %<7>¥imytt , !2S1iI 1 0 4 ^ Ttift jig 2 ttfck § <o fl KM t£ ti . [a] 

[ 0 0 9 3 ] 

1 2 v£ttJI 1 0 4 £Mft*£**iSl^fi&U:aALTf£is3 fcttflg-?. m 1 y£'£JS 1 0 6 \z 

aAtsttt^ti $ k . mi io6^^t'j T®s**^<tLT » tutt <? *i 

* U --f 7»Jgfc*!£fg<* C<7> k § , mi v£'l£JS 1 0 6 IcmrL&ALTfE^S^lc 

. ^Mi^lc J: •) m 2 f&teJI 1 0 4 T-^^ L^7fejb*|5]-^e- H T-ftn £ <b ti * A , V C 

[ 0 0 9 4 ] 

* rc, ttaAt^i i ^ttn i o 6 tyt&xmm-t 2 fe&m 1 0 4 t%^*t5 

Z k IC «k •) , mi vSttJB 1 0 6 cf^^r ^ 'J T«8i*J: ») ^ ft v*:RJ»"C , V C S E L 1*1 
SP^Tt^f »JS*ffi*>$ C k <?*T-§ €>o lot, mruiAi-'Sl 1 v^'ttJS 1 0 6 w ^ t 'J 7 
7 a -ic <fc £fy#&fnfc*}fl]ffe!| $ tl-5o CtitCck>). V C S E L <o*g|o|gift /Hfe^: 
6*li/jnLT, ^il^Pib*Hr^k ft 
[ 0 0 9 5 ] 

ft*?, ^SP^'bm 2 >$ttH 1 0 4 icaA-tSKftig^iOft^tt, I 2 v£'I4H 1 0 4 TUftJR 
. fiftifcg^ f- - r L 0 » SJS®JfflJ-t*^S**ft < » k ft o T 

mum 2] 

[ 0 0 9 6 ] 

02tt, ^S&15IJ 1 <?> V C SE L «;i£§£7t^E(7>^/&tfiJ^i-[l (^fifefJ 2 co^Tt^ 
S*7F-tEI)T*>«. 0 2t#59t5k> Si M 2 0 1 _hlc. ^j5fe#ij l^VCSEL 



2 0 3 a, mfcm®i\zmnrz&mi$A,fzT'S i mm 2 0 

1 ±ldf*$ *ITV>&„ Ii&l£ffl¥i?#U - f 2 0 3 11, 'i&JSO . 8 5 nmcoy t^'J=^ 

[ 0 0 9 7 ] 

s i s«2 0 1 ttt.a^**att'btiT4f 0 . m&m^mfti' -^203 ^v^ttn tvc 

SEL 2 0 2 ^GaAs/ Al 0 . 3 Ga 0> 7 As#iif#p|2Mi 1 0 4 
[ 0 0 9 8 ] 

Bftlgffl^ttu 2 0 3 <7>fEJg»:g 0 . 8 5/imli, VCSEL 2 0 2 ^GaAs 
/A 1 o . 3 Ga 0. 7AsMlf#P$2Sttil 0 4^^Oh^t7^«I0. 8 
5 y.ttih\s\C~C'2h }r ) „ VCSEL 2 0 2 ^l2^ttil 0 4 ^TtilgLT V C S E L 

2 0 2 -It £ C t fc'T'S £. *<r>fztb. VCSEL 2 0 2 Ale «fc s %LU 

ftt mm Lxft&<F>yt=?-mm-&miia2 c t , vcsel 2 0 2 <7>*gfogiftjs 

ft&^if fill £ C C*UC J: 0 , fUM 2 ^)^7feilli, VCSEL 20 

2 i tsttm i 06cwiT'M7 ^msstt^pm^fi^-^ A^-r s c t ic * o . 
s»f i o g b p s &L±*>±&miKMii*aimt & 

[ 0 0 9 9 ] 

^ B * S ft i" €. C t )b*T- § . 
[HM 3 ] 
[0 1 0 0] 

m 8 itmmm 3 o v c se L-z^-tmx&z. 0 8*#sa-t4 t . #«ittGaAsi 

filOUt. ^F-^I1DBR 8 0 1 fc*ffJf S tlTv^S. 
[0101] 

CCT-s ;>H-^DBR 80 1H. ; > K - 1 A 1 0 . 2 G a 0 . 8 AsJ S t; ^ 
K-7'A1 0 . 9 G a 0 . x A s Jf t £ 1 / 4 faSk ic It Jf L T fefiK S ftT . 

[0102] 

>»>K--^DBR 8 0 1 _b ic 14 . A 1 0 . 3 Ga 0 , 7 A s I U^-^l 8 0 2 , 
G a A s /A 1 o . 3 Ga 0. 7 As #P Sf 2 kttJi 10 4. A 1 0 3 Gao 

. 7 AsI2x^-fi 8 0 3, ;>K-^I2DBR 8 0 4 frimmm 3 tlT 5 . 
[0103] 

C C T* . ;>K-^I2DBR 8 0 4 14 . J > H - ^ A 1 0 . 2 Ga 0. 8 A s 11 ^ 
;>K-^A1 0# gGa 0 . l A s M * 1 / 4 ftj*J?-?2$S ic if H L T Jfsk 5 tlT v^S 
fc*. *»JBffl»lSui, ;>F-^I1DBR 80 1 J:H^5:(^oTv^. 
[0104] 

J > H - -7m 2 D B R 8 0 4 ± £ 14 . nIAl 0 , 3 G a 0 . 7AsI3x^-f| 
8 0 5. G a A s / A 1 0 . 3 Ga 0. 7 As 1 SttJl 106. A 1 0 . 

3 G a 0 . 7 As^4X^--^fl806. DlAlAsil 08, pIDBR 8 0 7 ** 

[0105] 

--f - PlDBR 807 14. plA 1 0 . 2 Ga 0. sAsJWt plA 1 0 . g G 
a 0< i A s II k% 1 /4 ttJt/?Tf!S55k:»Ji LT^jaRS Ktv^S. 
[0106] 

* LT , f(Ji«§iSflB^<b n^A 1 o . 3 Ga 0> 7 A s 13 x^-^jfs 0 5<^)i^ 

^3a=k 0 -i XT-. J > K - ~f D B R 8 0 1 tit § S f^f^t x f > r 

3 ftTH 2 <?> > ^«jt**^^3 tlT 5 . 
[0107] 

^ 1 <t> > **Jt^)lWH*^ plAlAsil 08 6*SjRfi0k:geft$ fix . A 1 O 



A I'D UK *SA 1 1 y W'll^lWC H I. 

[0 1 0 8] 

pIDBR 8 0 7 Hffilcti. TttBtt^p&uT 'J > ^tt*> d 1 1 2 

■i^^tv^, fit, 1 1 > *tm&<7)j&m (i 2 <t> > ^mm<oT%±ffi) ca, nit 

ffi 1 1 3 ^f^^tlTu^, 
[0109] 

i 2 co > ^^it^-jaic^m it , 4 5* ixmm.8 o 9 ^^^^nTv^. s 0 
8 it 4 5 • ixwiss 0 9 <nmmizMf&2 nrzmJxmm-?2b *) . mmm*frLfz&mm j ?m 

[0 110] 

EI 8 <?> V C S E L tc fcu T « . i>F-^flDBR 8 0 1 k DBR 
804fclcil$*ilfc«l<7>^gSfc^ ;>K-^f 2DBR 8 0 4 i: pIDBR 

8 0 7 \zit$ £ftfcl 2<r>nmmh<r> 2 o^SgSttLT^S. ;>h-^sidbr 
801. J>K-^S2DBR 804. pIDBR 8 0 7 ~f *? v 7 mm It . 
0 . 8 5 M mi 4 oTi^S. It, 2-3<o«gg^)ftgg^ii 1 «tc0. 8 5 m m<^ 

ft^ftgB$fc<7> a^R« i: *S * -7 lC^ff$ ftTu*. ;>H-^12DBR 8 0 4 <50f* 

mmm&* ;>h--7-iiDBR 8 o i <?)ffim mm®. «k »> ^ 4 u 1 o mmix tts c 

[0 1 1 1 ] 

08f)VCSELtJjuTti, p fijmffi 1 1 2 fr><bYiA£ tltziEILb , n 1 1 3 

**^&A5 ftfc«^ 31 2 <?>ftisS4«k:&tt«bftfcG a A s/A 1 0 3 Ga 0 7 A 

tti-r^o z<7)tz. aiox i i o ic i: •) m-ru^n v ? $ftzr z db. mnmit 

^tlTo^uplAl Asll 0 8 ^Tlcmru*** LT> ^'iTL^^ 2 ft £ . 
[0 112] 

1 1 v£'k£ m 1 0 6 T- l&ft L ft J>F-7llDBR 8 0 1 k J > h*-^I2 D 
BR 8 0 4 J:pIDBR 807 t frffit, L ft T^jS L T , Sitlli 

77 U -->f ft 3 ft&. 

[01 13] 

_^M&fttt. 4 5 * Jxttft8 0 9 T-Jxtt^ tlTs I2w> -ttijMffi =k *) . 1 1 
SStirtlcl&H- £>ft£l 2 vS'&Jf 1 0 4 ic A71 2 ft 12 vSttJf 1 0 4 ic 1/] ft % 31 M ft 
tc>±Ai- 5Cti:^, 12 7£M<7) 8 5m m&lz Wfc L £ftfc*f££ 

^iH C S . Z<D tB . 11 ft'&m 1 0 6 t!2 m M 1 04<0'OH^tvn|L 

< LTiD o x &tz2 ^<7>*im%si3*<ffi'& Lrzm-nnm*- k ts^-* i 1 M'&n 

1 0 6 icttaAL fc i: § <7>?EJgft k, $2 vg'&H 1 0 4 ^ftlfl£e£ -frfc t § JElgftli 
[01 14] 

1 2v$'t±JS 1 0 4 lcRft*gft£5Iif§gflSic&ALTfElK3 itfcttflBT* 1 1 Steli 1 0 6 \z 

ftAti.m$$i$ ^ ^> t . 11 fe'\±m 1061^^^-^'; rss^tu, mtt $ ft 

£ U -*f ft 2 ft*, C<7>t§, 11 y£<£Ji 1 0 6 \zmm±A LT^£i-£ftlc 

. ^g&lt/j&ftic ck 0 1 2 1 0 4 Lfcftfc'ls]-^- K T'ftn^ hti Z> tztb. V C 

SELif rtg^TtfgS^ii^D^t^; i:^T'§§. C ftlc J: 9 . V C SE L<?)iSftJg 
©I ill ft fc*ii7jD L T x fiiil^il**Rrfigfc 
[01 15] 

* fc . 11 vS'HH 1 0 6 i: 1 2 v^'ttH 1 0 4 It . ) > K - 2 D B R 8 0 4 tB^ 
**>#IS8rtk:I9:l+'b*iTi'>S. f-^f-tfK 4 5' JxtJSt 8 0 9 fe- h All S ft fell 

jgeftii, 1 2v$'i4^ i o 4 <r>&-&mnm\zW]mL. 1 1 v^-htre 1 o 6 \zm&ftii*ntixtt 

£-fZ> Z t ib*4v^ ^cofzib. 9\~%fcW}&yL\z =fe t> T , 11 v£'£JI 1 0 TffiS** 



o ^ , » i ffl ixia k_ mj /J" ^ ^ ^smeaxv ib ^ i-- * -2 ^ ^t -jr. * o «. sm ib t 0 / i\ j-l ^ A <? 

[01 16] 

0 3 IS. ^«#J4<7)VCSELt^t0?J»5 s 0 3 , nlGaAsM 
3 0 1 ±IC nlDBR 3 0 2 *»fft J| 3 tit v^S . 

[01 17] 

nIDBR 3 0 2 11. nIGaAsitnlAl q . 9Ga 0 i A s II t 
[0 118] 

nIDBR 3 0 2 ilctt. G aA 3 0 3 , Ga I nNAs/GaA 

s #tif#pl 1 vSttll 3 0 4 . GaAs«2x^-t| 3 0 5, plAlAsilO 
8. plGaAs!3^<-^i 3 0 6 , Ga I n N A s/G a A s #Hf#p^2i 
*fcJI 3 0 7 . G a A s 3? 4 3 0 8 » Ga I nNAs/GaAs#tif#Pl 

3v£'£J1 3 0 9 . OF-^DBR 3 1 0 **HHJX»J1 3 fix v> £ . 
[0119] 

;>K-^DBR 3 10 tt . ^> K-^GaAsli ;>K-^A1 0 9 Ga 0 
1 A s J| f& 1 /4 ft^ffTXSlcftJI LTf^^ hTv^i. 
[0120] 

f »JI«Ji^B^'bDl!G aAsI3 II 3 0 6^^4«*TP3ffti^JCX<y 

ST, nIDBR 302 iCai^S * TR faille xvf > r^tiT, 31 2 > *fWj&i)*B 
[0121] 

2 > ^^3H<7)iiJffl^'b p 1A 1 A s Ji 1 0 8 i)*mn®izmit$ flT . A 1 0 
x 1 1 0 frMf&2 tlTv^S. 

[0 1 2 2] 

m 1 > -tlt^JSffi (3? 2 <7> > -*tf§2l<7>TI±g&) icii, p (ItlttJi 1 1 

f LT> n!GaAs$«30 1 coKffifC tt n flHttS 1 1 3 WSftTu 

S« 

[0 1 2 3] 

El 3 V C SE LlcfcoTtt. pPJm« 1 1 2 6* «b v± A £ ft fc iE?L £ . nlti 1 1 3 
^*>ftA§ilfctfft», GalnNAs/ G a A s ^lif #plg 1 Stti 3 0 4 
^tff^^-t S CttcJ;^ 1 . 3 m m^^7t^1R{±;-t S, A 1 0 x 1 

1 0 ic «k ») «8ft*»^a -v * 3 tt£ fctf> x jgiRUHLS ftTi**v> plAlAsil 08^»T 
£«at*>»m+ LT, « 8ft $ ftS . $ 1 v£'£J13 0 4 T'MLt7tll, nIDBR 

3 0 2 t y>K-^DBR 310 t^^^^g^rtT-«gLT, £#i t £j£ »C U - 
■f ^t^iUtt 3 fts, 
[0124] 

12 3 <?) V C SE Llcfcv^Ttts tit A -CJfc^te"* -5 % 1 v£14 H 3 0 4 ic fla z_ X . Gal 
nNAs/G a A s 2 vSttJI 307. GalnNAs/GaAs ^iif 
#PS3MI 3 0 9 $f!S£f;: LTi^. 12M1 3 0 7 . 3 v£1±Ji 3 

0 9 lefrt LTtifiaAt^tffiliilt^nTv^jrv^ 
[0125] 

1 2 SttH 3 0 7 3 3 0 9 IC. VC SE L <?> :>£ {i! ft n& <k »? SO * ilM ft 
lcv±Ai"S C t \z £ *) , ^gP7tS/j|etc iOVCSELttl. 3 m mT- U -if lEJg-ts. 54- 
SBfift£5fc*il<rcfi&lc&ALTfElR<* $ 1 >$'I4H 3 0 6 ic vi At 4 S3ft*^fi 
£ i±S i: . mi vS'ttJl 3 0 4 ^Jf-t 'J T{BS**IEfbLT . tUtt 2 ftS u - -f *t%a.**a! 
I3£ ftS, Ctf) i: § , mi vH'ttH 3 0 4 ttMA LTHit ^tt . 54- g& fift £ ft ic £ 0 
^KS LfcTt^pj-t- KT-^i^tiS^^. V C SE Ltfe^ rtSB^ftTSBSfcit/HiS i± S 



>-<-«• I.' (J o , 
[0126] 

fc*T-§&, iiT, #IMJ 1 ^ V C SE L klt^LT^ «k >? Wi^ft^iBK £ T-fU »&fo fc» 
[0127] 

ft«iftjtB*telc «k o T S3? 2 »ttW 3 0 7 . 13 v£14Jl 3 0 9 14 , p ntS^ 

0 3 icfcuTtf. #ES + lc««*>igttli*RitTv*.&a», 7fcffti£-t & vSttH * . DBR 
*lc&tt £ Z t <fc nf S^LfcS»^«lSit«BKL, &«!Mgl4Hc 
# 8ft 14 Jifc&W- S C t ^HXftgT-^^c :^)t§, VCSELHf rt<?)^i:fttl 

[0 1 2 8] 

Ztz. m 3 <D V C SE LlCfcv^Tli. TSttlBtm LTlitfl^VlTEi (As) t 
^IS^^ffciGa I nNAstffluTui, ^r^fzih. GaAslftlCl. 3 m 
m^T-^Tfe-T £v£'k£Jl*x tr y *x v 'Hfc^S )b*T-S jftjl 1 . 3 1 m ml4B 

^7t7 t -i ><<7)ftmWn t &oT, Iili4^VCSEL^fflv^C 

i: lc <fc 9 , lOGbps M±<7>M^ir;m&iftizis\*X t . #BClc £ £ ft 3£ <M BR f& L fc 
7feftM>- CH'TtS. 
[9I«£0J 5 ] 
[0129] 

0 4 i4^jmj 4^vcse L*m^ rz¥tytmw.<r>mf&m**k'tm (mmm 5 ^^ns: 

tl^tS) T-£>£„ 0 4 *#»a-t<5 i: , IjSgffl V C SE L 4 0 2 *>> <b StS « 5 ft j1^t£ 
14 , IB* - A * "7 M y M 0 3lcA7j3ft£o i^fflVCSEL 4 0 2 ^«btB^I^tl 
5 U -V 7fc<7>f§7fc?J[S]£, g7tt-AX^')v? 4 0 3 T'/xtt 3 ft 6 ft # icSSLTfe < 
C fclC J: 9 . fft&fflV CSEL 4 0 2<7>tB^7tl4 9 0J^ftl-f<bfti:. HSfeffl 4 <OVC S 
EL 4 0 1 <7>7fc£t}ttfflC Atti? ft5. BJjjgffl V C SE L*>RJ5«*tt 0 . 9 8 M m t L 

[0130] 

SftlEffl VCSEL 402 <7>f£tS&;Hl4, VCSEL 401^GaInNAs/ 
GaAs#iif#Pl2Stti 3 0 7, GalnNAs/ GaAs#tif#pf 3 
v£'l£Jl 3 0 9 <7>?&7t"i!£^ 1 . 3 M m «fc *) W&fcMt 4oTv^t*), M 2 vS'&Jf 3 0 7 t 
m 3 vS'ttH 3 0 9 *ycmmLT¥tM2 HZ Z t 6. CtitJ;^ VCSEL 40 

1 ^m^iiAlc ckSfEJM^fc II 81} LTfl^^T-mS^ if VCSEL 40 lw 

[0131] 

VCSEL 401 ffifl 3 ftfc£iS5fc<i-^tt. 13^*- A ') 7 ? 4 0 3 izpt L 
T^3§i-^,fS]§lc^7t^ra^SSLTfe< C i: lc J: »K fa^ttr-^^-/'; v ? 4 0 3 T*ix 
W<* tl-f lC_L#lcaS2j 3 ft£. 
[0132] 

5 <?>%7fe^ai4. *Sfl6lftfllft«%Gl±3 VCSEL 40 ltfflwSCt 
lc «k , lOGbps W _t #M ft j£ ft* (tit ft oTi^. 
[0133] 

Kjfiffl^iBk: V C SE L^fflu* c tf, Wit&mftflnWl Z b 

[H«E0J 6 ] 
[0134] 



o \ <i j tc*. 5^ im vi u w ;m sl. 3S is. -a. /j\ i i*i er> <s> „ a Jt^;MJ oc ( n ai vj u a 5 e 

"*x3 0 1_hlc. nlDBR 3 0 2 fc'ftJi $ fix £ , nIDBR 3 0 2 B, nIGa 
AsHtnlAl 0< 9 Ga 0 . 1 A s Jl b * 1 / 4 jftK lz ftn L T £ fix 

• v^s . nIDBR 3 0 2 Ji ic « . G aAsIl 0 L Ga I nNAs/G 

aAs^lif#pl2^ttI 5 0 2 , G a A sI2 5 0 3 , pIAl Asi 
108. p 1G a A s 3? 3 *IB 5 0 4 > G a I nNAs/G aAs#Iif#Pl 

lStt« 5 0 5 , GaAsI4x-<-fI 5 0 6 , nIDBR 5 0 7 3b*«BJXfft IB 2 tiT 
nIDBR 5 0 7 tt, nIGaAsitnlAl 0 , 9 Ga 0 1 Asit^l 

[0135] 

mmm 6 ^^aa. ^H7t<f -^^^^i-s v csel^5 20^, mmm^m^v 

g&5 2 It**. n^GaAs Sffi 3 0 lllct VJy -y ? j|ft £ *lTv>£ . 
[0136] 

VCSELgS5 2 0 icfcv^T i± . ft IB 4* £ H ffi fc> <b pSGaAs!3 H 5 04 

<7> > vmm. £ 9 v*"* -i XX. nlDBR 3 0 2 tit* f?^Mtx-y f > / 

[0137] 

Zfz. 12<7)>^if <?)lffli)^piA 1 AsH 1 0 8 fc*3gJR ft lc $Htl 5 tlT. A 1 0 
x 1 1 0 **Jf$fiR3 tltv^S. 

[0138] 

m 1 vS'tiH 5 0 5 *>fif£-?tt. + dfe*Rkv>T h > >f > **>±A£ tlT . PfiSttlM 
5 0 8 )b*ff2/££ tlTu -5. 
[0139] 

3? 1 tf> > -tf«3i<0TK±g&k:ii v Jc&m^^m^X > r^^nfjmffi 1 1 3 frB 

nx^ho f m i <7) jvm&cofeffi cm 2 <?> > ^^m^Ti±gi5) tut D in 

1 1 2 ntv^. 
[0140] 

%fz. m 1 co 1 vmmnMmtc it. m*m 1 1 1 ^Msntus. 

[0141] 

Sfliigffl^ilttu - 2 ltt, VCSEL 520 iz^m L X ffilzru&Z fix *) . 

[0142] 

H 5 (b) It. WIS (a) *<7>mmm*mikl' -"f §&5 2 l coA-BMlc£>H-.g,$rffll3 
X&Zo H 5 (b) ic&v^T . ftlB«5tttS 5 (a) <7)VCSEL^5 2 0 t|a]-T-i>5 
= f LTv ftJBfl|jiflfflit>»«b p!GaAsI3 x-^-^JI 5 04 <7>^^ iT'ivf>7^ 
tlX. Sl^'J ";y 7 ^-/ii^f^^iiTuS, £ <b lz . % 1 <7> 'j v iS X h ^ A ~f 
$§il £ 9 *t l£ i|)g T- n M D B R 3 0 2 CltilTiy f > ^5*iT, g2^)'J 7yX 

h 9 -f ■^«it**j^^3 iiT So * tz . ^"#1 3t<z>ffl!Jffla>«b D gy a 1 

A s IB 1 0 8 **5HRft ic gHt £ fix . A 1 O x ft 1 1 0 **F^3nTv^. * . 

I? 1 </> 'J v y' X F H -?$tji<7>J£gB (3? 2 'J v it * h ^ >f -7'Wm<7>TK±.$l) izit. p ffij 
M5 1 1 tlTv^S. fLT, niGaAs M3 0 1 </> MB \z It n flUffi 5 1 

0 frBl&ZfiX^Z* 
[0143] 

l§fi£Bi¥**# L -^95 5 2 1 tcfev^T tt» p iJ^S 5 1 1 <b it A 3 *ifc«»E**A 1 0 
xlfe^^laX 1 10tJ:VJ7yXh^ ■7«ii4'*lc&3p<?iiT. Ga I n N A s/G a 
A s #Ilf#p| 2 SttlB 5 0 2 IC&A2 tiT » 1. 3 M mfflTtt -6 . nlDBR 

3 0 2 UIDBR 5 0 7 li ^ 9 v KIB LT»fiBL . £ ft/^r [Sj lc c &dbZ* 

* fc> 3iK ft lc8£fL£ tifcAlOx ^ifi^lsS 1 1 0 SHtS ftTv*&u plAlAsi 



1 V O * V X> JCO V\ ^ «' I4.V I V O /-I 0^ x ^"T/J l"J qasixu c u. -o . rv. 1 W A im 

1 1 0 k: 4? it 4*8^1^ ISjff*^ 7'^3ttc * 0 . t£ tt * ¥ M # r«i 

|C*t LT C &tf>»bn.&. 

[0144] 

[0145] 

. V C SE LS&5 2 0 lefcoT tt, p ffljttfii 1 1 2 6><b&A£ tifciEJLt nflim* 
1 1 3 ft^aASnfctf t Jt?*Ga I nNAs/GaAs Mif#Pf 1 vSM 5 0 5 
T-^7feS^^-t€» C t iz «k •) . 1. 3 a m^co5t%ScJtS"t*. c <?> t § * S5 g; tft tsX 5 0 

sick *) mm** * it^&iznipz n*. a 1 o x%»tfi$ 1 1 otpiMAsi 
ios^^^c^'). 5fc fine n c &#>«b;h.T. 0Jff flt^M $ *i a . m l 

Steffi 5 0 5 T-^Tfe L fc7\:lJ . niDBR 3 0 2 t nIDBR 5 0 7 tf> <o «|sg 1*1 
[0146] 

V C SE Laf 5 2 0 T-li. fiaATMtSS 1 Stt« 5 0 5 icfa^T . «fciEaA« 
«%1rL*i>Ga I nNAs/GaAs #lif#Pl 2 vS'tt/l 5 0 2 ^«i.TuS, V 
C S E L t$ 5 2 0*>f? 2 7£ttJI 5 0 2 ffi L fcKl*effl¥*P# U 52 1 <7>}£14II 

tiCfcft'TlS. l?2v#'l4JI5 0 2 icrtLT. )^«effl^^*U -f 52 1 T-^SL^tzW) 
Sg7t^ii^cWlC7±Ai-^> C i: \z * 9 . m 2v£'M 5 0 2 <J0 > H ^ * *j 1 1 . 3 m m^lc 
Wf&Lfc#**f££-f S. HT> Rlie^%R*HI«JilJilc»W$ *4 fc» t£ W) m lz J: 0 V 
CSEL5 2 Owl -"f«gfc*£i; 
[0147] 

l2)$ttB 5 0 2 icISftte^^iia^^aALT^JS^ ^fct^T\ W 1 Slttfl 5 0 b \z 

&A-* us s t % m \ ft&m 5 o 5 i*j ^ TS-griftiT, mm $ n 

£ U --f ft*. C<7>i: § , i? 1 v£<|±Ji 5 0 5 A L T -5 Jt lc 

» ItWimiZ J: 0 H 2 Y£14Jf 5 0 2 L fcft^lHJ-^- K T-^JD £ <b fl h fzdb „ V C S E 

L 5 2 0rt^*f'gSti«^$t-5Ci:i)*-?§5. C *UC <fc 9 , VCSEL 5 2 0^)i 
ft is fa ft » a* # flu LT * ©Mil *>* Hj-ftk t & 5 . 
[0148] 

J: 7 (C , 6 <r>$t?tmW.\z fcuTli. tDti^^dl^t^ VC SE Lg^5 2 

0 i:Kjil£ffl#i?# U - f 52 1 ^|l]-^^±ic t ; 'J > «v ^mftLAcC t \z ck *) . %7fe 

I^*te#J7] 

[0149] 

in 6 izmmm 7 <r>&Jtmw.*^~tmT-&z. me^^m-t^ t s n iGaAsii3o 

1 .tie, nlDBR 6 0 1 **f»Ji S tlTv^s. 

[0150] 

nlDBR 6 0 1 \t . nIGaAsiUlAl 0 , 9 Ga 0> i A s Jl t 
% 1 /4 ft^/? (ft^ 0 . 9 8miii) T^aicllILTJFM^tlTO^, 
[0151] 

nlDBR 60 1 ± lc . Al 0 . 2 Ga 0. S A s % 1 - *t m 6 0 2 . Ga I 
nAs/ G a A s #fi«^#Pv#'ttra 603.Al 0 . 2 Ga 0 8 As ^ 2x ^" f 
1 6 0 4 , pSDBR 6 0 5 **0iKf*Ji 5 tlTv^So 
[0 1 5 2] 

pIDBR 605a. pIGaAsitpIAl 0 . 9 Ga 0 . iAsi^ 
1 /4 K^J¥ (ft^ 0 . 9 8Mm) T-^Stii LTff^^ *lTv^„ 
[0153] 



y H£ J_y J3 IV U KJ J _L Ifv- Id, > y^p — ' 1^ J3 1\ UWUA/-TMmC4L^v^'S?o 

[0154] 

C C T . ^h'-^DBR 6 0 6 14 . nF-^GaAsit ;>F-^A1 0 , 9 
"Ga 0 . 1 A s « 1 /4 (tt* 1 . 3 M m) T«!^5 £ ft II L T 5 tit v^* 

o 

[0155] 

;>K-^DBR 6 0 6 _tlci4. Ga I nNA s/G a A s Mlf #Pl2Sttl 
607. pIGaAslU^-^1 6 0 8 , pIAlAsil 08, GaAsI2x^ 
-^1609« GalnNAs/ GaAs 1- StfeJI 6 10. GaAsI 

3X<-^«6 1 L nSDBR 6 12 *>*IK/Xf*H 3 nti»4. 
[0156] 

nlDBR 6 1211, nIG a A si UIA 1 0 . 9 Ga 0 . jAsit 
* 1 /4 («£ 1 . 3 M m) T^SlcffH LTf^$ tlTv^S. 
[0157] 

f U, ISII«3i^ffl^«b pIGaAsIl 6 08 ^ife* ST-RfSitUc x y 

^>r£itT. m 1 co > *tffiT&t}*Mf&$ £<olc, H 1 <r> > «k 0 

ST*. plDBR 6 0 5 lc3ti-£ £T'P3ftiftlcx «y * > r£ tiT. If 2 co > ^^5h**^ 

[0 1 5 8] 

m 1 co > ^1i3t<?>i!Jffl)b^ p 3! A 1 A s m 1 0 8 fc*jg|Rtok:gfrrt:3 tlT, A 1 0 
x*feif*4H*ai 1 0 fc»0f£<? 
[0159] 

GalnAs/GaAs #* a^#p SttJI 6 0 3 ^fi^T-U. I2^)> 
T*&i>T h > >f t> fr&AZ ilT . ^StftlgisS 5 0 8 ft'f^^ tlTv^„ 
[0160] 

m 1 > ^^3H^>TM±g^cii. 5tiiiW»*fifev*T V > r^conPIUffi 1 1 3 **Jf2*R3ft 
Tu*. f LT, Il<7)> ^fifitcoJKgG (H 2 co > -^li^<7)TM±^) IcU p 1 1 2 

*«$titv>s. $ -bic n 2 > ^fltjg^jKgpttt p mnm 5 1 1 ft'ff^^Tfc 0 

. £/z. n M G a A s ^flx 3 0 1 coUfflic 14 n MMM 5 1 0 **ff^^$ tiT £ . 
[0161] 

El 6 co^mmit. nlGaAsS«30 Hi:, iftjigffi VCSEL 6 2 1 t , 
Itm^&timV C SE L 6 2 0 H't; 'Jy'V ? Kf*Ji £ *1T ft £ , 

^« nlDBR 6 0 li^plDBR 605 *?**JftjJBfflV C SE L 6 2 1 fcffijfc 
L. ;>F'-^DBR 606 d^nlDBR 6 1 2 * T« fc* ^ 13 t£ ft ^- ft ^Jffl V C S 
EL 6 2 0 tl^LTi^. 
[0162] 

a^fflVCSEL 6 2 1 icfc^T 14, p 5 1 1 «b & A 3 ttfclE JL fc n iJ8«« 

5 1 0 *><b&A3 tifc«Tk i'G a I nAs/GaAs ^ilf #P)$ttI 6 0 3 T-mft 
Sg^tiCfclO:^ 0 . 9 8m m^c07lc^J5:ffii--S o C co i: § . M&tn.ffii& 5 0 8 lc 
£ *) mru* > -* 4**k:^?P2 tl*. Ga I nAs/GaAs ^MM^ #p 7#'£J1 6 0 3 T* 
JDfcLfcttt, nlDBR 6 0 1 t plDBR 6 0 5 t co n <7)±tjgf| ft T-nU L T , 
i: Sit lc U 5fcfc*]R£fc}a fts. 
[0163] 

^P7t^i-^^±ffl V C SE L 6 2 OlcisnTtt, p MMM 1 1 2 fr> <b ft A 2 ft 
fziEilt nmmm 1 1 3 i^aA^nfctffci'G a I nNAs/GaAs #M*^#p 
m 1 »14J| 6 1 0 -?¥£fcn%a&-t •£> Z t \Z «k *) , 1. 3 m m^c07fe^]Rtil-t^ 0 C co t § 
. A 1 0 x Ife&tfft 1 1 OlcJ: *) «fftfc*> 'fr+dfeJcR'PS ft£. Ga I nNAs/GaA 
s ^fi*^#Fll l v£14Jl 6 1 0 T-2Et£ t fcTfctt, ;>K-^DBR 6 0 6 U1DB 

r 612 t^fficDnm^ftx-nmLx , aiRtsa^^jc u Tt^tB^ft*. 

[0164] 



i^fi^yL Id *7 ^txm V ^ O 1^ L U ^ \J k M. x ee» ^"L 01 k ^t^U V ^ Mir X /ft IX U i V K- /ju 

" xT. MaAiitf L &u Ga I nNAs/G aAs ^S«^#p3I 2 >£'£JI 6 0 7 
tfliTv^, GalnNAs/GaAs ^fi*T#F?& 2 >£'£fl 6 0 7 & , T<flHc£>3 

• iiefflvcsEL 6 2 i fc^as^snto. 9 8 m m^^^ic «k »? mmz nx . m 2 v£ 

_hk:±f fin 2 i; . «|eic ilVCSEL 6 2 0 <o U - -f &Jgjb*£i; * . 
[0165] 

m 2v£'M 6 0 7 IcSfl&ffl V C SE L 6 2 1 ^t^^jI^W & A L X 2 -tt/c^flg 

m i aitw 6 i o £.aA-*-s*»tfc£W3 § i: » mi e 1 o rt<*>* * 

S^tfblT, ajfrfS tih v --v^t%«**tKii3*i*. mi y£'I4J! 6 1 0 icm 

•rt>±A LT^it ^Ttlc, Ttfjjglc «k •) & 2 v£14Jl 6 0 7 T«f££ L tz^tiim- * - K T-fln 

[0166] 

%tz. Ga I nNAs/GaAs #iif#pl 1 Sftt* 6 1 O^GaAs RSJI lc 

> m 1 vSttH 6 1 OlcfcuT. U - A«f U , &ftMJ#fc*ii 

^jni-^ 0 T . *gfngiftjgfe»fc £ <b \z 1 . 5fif«/|DS tsc i: §5. W±^fFffl 
ic «k *) % HtHi ffl V CSEL 620 li, 0 G b p s <?> t£ ft ^ f£ 

t^Kt **nTftfei: &o tz. 

[0167] 

^steflj 7 <7>¥t?tnw.\zt5\,*T it. &mytm*f&&ti-t s v c se l 6 2 0 tia 

SgfflVC SE L 6 2 1 t^m-mmUz^ J ^ >y *Jfcif»LfcC tic J: 0 x fE^iH^t 
[0168] 

T*§, ^^fflA3iTX®^fflB&fbi--€. C t h*XB lot, i&n X h fb^S-S C £ *>*T- 

S So 

[0169] 

3 <blc. H*l®«Jb*^fLL fcS^Tt . VCSEL 620 ft ic X $ *i tz l> 

[0170] 

0 7 8 <7>7fcfei£^ ^T^tt^-tHlT*>«. i7^f Itl. ft 3£ II SB 7 0 1 

HA*t-^i 7 0 4 *tpft l fcft& . ft^tg& 702 xnumnm^-iz^m £ nt as^ 

[0171] 

ft3MSB7 0 1 fcftSfIg&7 0 2 li , 1 o *r - ^ tc mft S tlT v . ftj&^fUr 

/^-* 7 0 3 tilt LTu 5 . *7T-(^y-y* 7 0 411, Slvffl iiSltffl^ 2 

[0172] 

o g b p s <r>a^fc$kt)*aimt % r> x £ 0 * fc. mT^sn^Tfc * sasiiii^fT' 

3r> v . I^h XUM-tZ Z £ b*X% Z> . ^oT. 40Gbps ^7^#*^^M>- ^i"^ 



[Hlffl^fflm^iiafl] 



L V 1 / O J 

[mil mum 1 ^ffinft^iiftu - 

[02] IS Steffi 2 ^^Tt^S^^-TllT-^-S, 

[S3] HiM4 <offif&^¥ig#u -^^^^^i-E!T*)i)c 

[04] flfifcffi 5 <7>¥£?>cmm.*^t ElT-^So 

[05] fSflteffi 6 <7>^7£i!tB*^i- II 

[06] HlMJ 7 <7>¥t?tnW.*^~? 0T'*5, 

[07] H«E15IJ 8 <J0^€^^ A^^i-0T-^>^o 

[08] mmm s ^m^^t^^i^v -^tf t^tHT^s. 

[0174] 



1 0 1 *mm'\±G a A s ^flx 

102 ; > K-*A 1 o . 2^a 0 . 8 As/Al 0 . 9 Ga 0 . [As 
D B R 

103 A 1 GaAsIl x-<-^Ji 

104 G a A s /A 1 G a A s #Iif#pf 2 v£M 

105 nlA 1 G a A s 12 x^-^ti 

106 G a A s/A 1 G a A s 1 vS'ftH 

107 Al GaAsS3x-<-^i 
10 8 D MA lAsi 

109 pIAl o, 2 Gao t 8 As /A 1 0 g G a 0 i As DBR 

110 A 1 O x 

1 i i m*m 

112 p mmm 

113 n mnm 

2 0 2 Si ^ffi 

202 VCSEL 

203 mmmffimm^mfo u 

204 £ B li A, £ 

301 n^GaAs Sflx 

302 nIGaAs/Al 0 , 9 Ga 0i x As DBR 

303 GaAsIl x^-^jp 

3 0 4 GaInNAs/GaAs#llf#PlrStti 
305 GaAsI2 * ^ - JS 

3 0 6 p IG a A s W, 3 *-<-^Jg 

3 0 7 GaInNAs/GaAs#ilf#pI2gM 

308 GaAsl4 *-<-*fm 

3 0 9 GaInNAs/GaAs#tlf#Pl3Mi 

3 10 >» > K-^G a A s/A 1 o . 9Ga 0 . jAs DBR 

4 0 1 1.3m rn^V CSEL 

4 0 2 fjjgffiO. 9 8 M m^VCSEL 

4 0 3 m Tfe tr - u X 7* -J -y 9 
501 GaAsiU<-^i 

5 0 2 Ga I nNAs/G aAs#iif#Pl2Stti 

503 GaAsl2^<-^i 

504 piGaAsS3x^-^i 

5 0 5 G a I n N A s /G a A s ^Hf#Pl 1 SttJi 

506 GaAsl4 A^-^i 

507 pIGaAs/Al o, 9 Ga 0> jAs DBR 

508 7 a h > * > a A^k 



O 1 V 11 a£ E&13E 

5 11 D M*fiB 
520 VCSELS5 

- 5 2 1 K)i6SfflL Dg& 

601 nIGaAs/Al 0i 9 Ga 0i l As DBR 

6 0 2 A 1 G a A s % 1 x^-^Jf 

6 0 3 Ga 1 nAs/GaAs^ii^ttpSttfl 

6 0 4 A 1 GaAsI2^^-fl 

6 0 5 pIGaAs/Al 0 , 9 Ga 0> j As DBR 

6 0 6 T> a A s/A 1 o . 9Ga 0 . \As DBR 

6 0 7 Ga I nNAs/GaAs^kifttp^Stti 

608 pIGaAsllx<-^i 

609 GaAsI2^-fl 

610 Ga I nNAs/GaAs#IIf#pIl Stti 

611 GaAsI3^-^i 

612 nIGaAs/Al o, 9 Ga 0 . lAs DBR 

620 1. 3^m VCSEL 

621 W]&m0. 9 8 M m VCSEL 

7 0 1 ^MflSIS 
7 0 2 Tt-S^f 95 

7 0 3 t^S^HE: ^ ^ - >i 
704 ?t77 'f A-y-^i 

801 ; > K-^A 1 0 . 2 Ga 0. 8 A s/A 1 o . 9 G a 0 . 1 A s 
I 1 DBR 

8 0 2 AlGaAslU-<-^i 

803 AlGaAsI2x^-^l 

804 ) > K-^A 1 Q m 2 Ga 0 . 8 A S /A1 0 , 9 ^ a 0 . [As 
I2DBR 

8 0 5 nlA 1 G a A s $ 3 ^^-^i 

806 A 1 GaAsl4 X ^ - *t m 

807 pIAIq. 2 Ga 0 . 8 As/Al 0 . 9 Ga 0> jAs DBR 

8 0 8 mmmm 

8 0 9 4 5' Jxttlft 
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